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rerfomc-rice steindards prcriiilgated*' ' by the U.S. Environ

niental Frcte'ction ?xcency for stationary sources require the 

installation and operation of continuous monitoring systems for 

specified pollutants. Extractive continuous monitoring systems 

for gaseous polluzants must bs calibrated end audited using gas 

standards th=.r. are accurate and stable. 

The txjLC-aability procedure described here is intended to 

minimise s^stamati^ a.nd random errors during ths analysis of 

calibration a.nd audit cas standards and to establish the true 

concentraticr-s by meanc cf Ix'ational Bureau of Stand-rr'.r. Standard 

nefcrcr.ce i:a1:-:iri.c-.l£ <'.-5, E~J''). The procadure prcviclas for a 

dirc-.ct ccr.parisor: be~..-2en "che "caiibrauion and audi^: gas standards 

and an 13S, £RM cr a gas manufacturer's primary stî ndard (GHPS) 

vhich is rersrenccd to K3S, £?J-I. .2̂11 comparisons ar-n m.ade using 

instruments calibrated with applicable N3S, SR!-I. '-raceability 

must be performed by the gas standard manufacturer at -he time of 

purchase.' Reanalysis as described in 4.1.5 may be performed by 

tlie gas standard manufacturer or by the user. 

This procedure is applicable to any continuous, semi-

continuous, or periodic analysis instrument that meets the per

fonnance recr.2irements in the follov.'ing sections. 

4-1 Establiyriinr Trace.a/-'il:~y of Cor.'~.ercial Cvlind-rr 

Gases to 1-3S,SR:'! Cylinder Crses 

4.1.1 Procedure for Instrument Calibration - The following 

procedures for periodic span checks are prescribed to minimize 

systematic error. Separate procedures for instrument span checks 

are described for linear and nonlinear instruments. For this 

purpose, a linear instrument is defined as., one which yields a 

calibration curve that deviates by 2% or less of full scale from 

a straight line drawn from the point determined by zero gas to 

the highest calibration point. To be considered linear, the 
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ifference between tns concentrations indicated by the calibra-

•..ion curve and rha straight lir.̂  must not e:-:ceed 2% of full sca3 s 

at any point on ths cur^s--

4.1.1.1 Instrv.r.cnt ?:ult:i~.:ir.t Calibra^icn - A multipoint cali;;ra-

tion curv'e is prepared mcnrhlv using two SPJ-I cylinder gases and 

zero gas. The zero gas must not contain more than 0.2% of the 

full scale concentration of the component being analyzed. In 

addition, zero gas must be free of any impurity that vill give a 

response on the ana.ly'tical instrur.ent, A list of SFJ'i cylinder 

gases recommended for t-raceability cf commercial cylinder ca.=;es 

is given in Table 4.r* A list, of new stationary sources that are 

required to install continuous source. emission monitors for 

gaseous pollutants and diluent cases (0^ and CO^) is given in 

Tabic 4.2. This tabl-s ailso lists existing stationary scurces 

thet may be re^jired to inswall continuous source emissicn moni

tors for gaseous pollutants and diluent gases'. ~ * 

The multipoint calibrarion is accomplished by diluting tlie 

highest ST\l-l vith rero gas osing a calibration flow system. 

Obtain the instrument response for six points representing 0, 10, 

30, 50, 75, and 10C% of the instrument full scale. Plot the data 

and construct the calibration curve. Obtain the instrument 

response for- the other lower SRI'j without dilution. Compare the 

apparent concentrations from the calibration cur\'e with the true 

concentration of the lower SPJ-3. If the difference between the 

apparent concentrat.icn and the true concentration of the lo\:or 

SRI-5 exceeds 3?̂  cf ths true concentration, repeat the multipoint 

calibration procedure. Test the calibration curve for linearity 

as defined in 4.1.1 and proceed to either 4.1.1.2 or 4.1.1.3. 

4.1.1.2 Instrximent Span Check for Linear Response 

Instrument - At the start of each day that cylinder 

gases are to be analyzed, check instrum.ent response to the high

est SRI"! (or GMPS) in the range to be used and to. zero gas. 

Adjust response to the value obtained in the most recent multi

point calibration and proceed to 4.1.2. Cylinder gases analyzed L 

with a linear instr\iment must not have a concentration greater 

than 15% above the highest available SRll concentration. 

/ 
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Table 4.1. 33S, SF::-! AVAIL.SBLE FOR TR.^CE.'BILITY C 
CALIBH.i.TICi»' ;-2iD AUDIT GAS S 7 : ^ : D I J ^ S 

C V1 i n d e r Gas c. s 

SRf^ 

(1) 

(1) 

1661 

1662 

1663 

1654 

(2) 

16D4 

1585 

1686 

1687 

2630 

2631 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

1609 

Type 

Sulfur Dio.nide in N^ 

Sulfur Dio::ide in N^ 

S'jlfur Dioxide in N^ 

Sulfur Dic;:ide in J'2 

Sulfur Dior.ids in i:^ 

Sulfur Dicju.de in "., 

Sulfur Dicjiide in 11^ 

Nitric 0;-:ide in N^ 

Nitric Oxide in N, 

Nitric Oxide in N2 

Nitric Oxide in N2 

Nitric Oxide in N^ 

Nitric Oxide in N, 

Nitrogen Dicxide in Air 

Nitrogen Dioxide in Air 

Nitrogen Dioxide in Air 

Nitrogen Dioxide in Air 

Oxygen in N2 

Oxygen in N2 

Oxygen in N2 , 

Size 
liters at STP 

870 

870 

870 

870 

870 

870 

870 

370 

870 

870 

870 

870 

870 

870 

870 

870 

870 

870 

870 ...J 

870 

No.minal 
Concentrations 

50 ppm 

90 ppm 

500 ppm 

1000 ppm 

1500 pp.-.: 

2500 prm 
— i 

3500 p:-:m 

100 pp.m 

250 ppm 

500 ppm 

1000 ppm 

1500 ppm 

3000 ppn 

250 ppm 

500 ppm 

1000 ppm 

2500 ppm 

2% 

10% 

21% 

(continued) 

http://Dicju.de
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Treble 4-1. (continued) 

F'Pl ' l 
Nominal 

L.Q... .i -. -.:, I. 

2622 

2626 

1674 

1675 

Carbon Dioxide in N2 

Carbon Dioxide in l-l̂  

Carbon Dioxide in N2 

Carbon Dioxide in N2 

870 

870 

370 

870 

2% 

4% 

7% 

14% 

(1) SPoI curreivtlv under de'veloo-ment, olanned issue date 
Karch 19C0. 

(2) SR:-! currently under d£velc::-:.''.ent, plann-2d issue date 
October 1520. 

(5) sr.:-] currently unc-̂ r dsvelop.T.-an-c, pp.a.r:ned issue date-
December 1579. 
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Table 4.2, CO^TIKU-DUS S-OURCE EIHSSION I-:O:TITCRS FOR 
KEV? ?̂ TD EXISTING STATI0I,7vRY SOUJiCES 

• Pollu- j • 
tani Source 

EPA 
Regulation 

r.Dnitors Hid-.̂ .-;.rir's snd S:ian 
GaS ConC'S.n'cr-L.-.̂ icrj::-, ppm (3) 

^^2 

< 
170 . 

NO2 

^2 

CO2 

Ster.-r. Generation 

Steajm Generation 

Petro. Sefinery 

Sulfriric Acid Plant 

Sulf-^ic Acid Plant 

Prirs-̂ v* Smslters: 
Coop-ar, Lead &. Sine 

Stcar: Gcner̂ .ti-=n 

-

Stear: Generction 

Kitr-ic Acid Plant 

Nitric Acid Plant 

Stea:2i Generation 

Sterrm Generation 

SPNSS (1) 

SIP (2) 

SPNSS 

SPNSS 

SI? 

SPNSS 

SPNSS 
-a-

SIP 

SPNSS 

SIP 

SPNSS 

SPNSS 

Oil-500, 900; Cor.1-750, 
1350 

Coal-5C0 to 2000 (4) 

50, 90 

500, SCO 

2000 to 3500 (4) 

1600 to 1800 

Gas & Oil - 250, -Î O 

Coal - 500, 9C0 

Coal - 400 to 15C0 (4) 

250, 450 

200 to 1000 (4) 

EPA Regulation 40 CFR 60 
(SPNSS) does not require 
a specific setting for 
monitor full scale 

-

(1) Standards of ?erfcrm::ncc for ITev Stationary Sources. 

(2) State Implementation Plans (for existing stationary 
soirrces). 

(3) Required setting for monitor full scale (called span 
value) is specified irt SNPSS (40 CFR 60). Span is 90% 
and mid-range is 50% of the monitor full scale. 

(4) This is the range of t̂ TJical operation.. -Mid-range and 
spein gas concentrations needed will depend on state re
gulations. However, the concentrations should be within 
the range shown. 
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•S. 1 -1.3 In^trurent Sriin Ch?-rk for Nonlinear Rc.̂ -:vjonse 

Inntrumcnr - .-it t̂.: 2 start of each day that cylinder 

tj-ses nre to be analyr-cd, chitk instrument response to tvo cr.:! (or • 

CHIPS) in the range of calibr.-.tion cases to b..̂  analyzed c.::d to 

2cr-o ^as as follows. First, set th-;; instrum.ent zero \.\ith z3ro 

gas cind than adjust ths instru.ment response to the highast SFJ-I 

/w*r GICPS) to the value obtained in the m.ost recent multipoint 

calibration. Next, obtain the response to the lower SIU-I (or 

•GliPS). If the respcr.se to the lower SRi: (or GMPS) varies by more 

tl:an 3% from the re.sponse obtained in the m.ost recent .multipoint 

cr.libration, SL full"^multipr.int calibration must bs perfori^ed as 

in 4.1.1-1; other̂ .-ise. proceed to 4.1,2. Calibration cases analy

zed vrith a nonlinear instrument m.ust not have a concsntraticn 

•r:reat̂ r than the hicl-.est -availrblo S?.:: concentration. 

•̂ -̂ 1,2 Procci^vre fc*~ .-~'^j~^-z." cf -̂.-2''-̂d-''- G?~ '"o''- "̂ ""us 

Concontraticn — The f-dlcwing procedure is designed to 

establish ths true concentration of a cylinder gas. The procedure 

involves tr̂ e direct comparison of the cylinder gas with the. SR?-I 

<r5r GMPS) and comipensates for variations in instrument response 

l>etw&en the timic of daily span check and the tim.e of analysis. 

Significant variations in response often result from changes 

in room temperature, line voltage, etc. The procedure is as 

f ollovrs: 

1. After the cas cylinder has been filled, a minimum 4-day 

Ijolding .time must b-s observed before the following protocol 

analysis is initiated.- ill£iiil- '̂hen steel cylinders are u.«̂ ed fc-r 

SO^, a minimum. 15 day holding tim.e must be observed before the 

following protocol analysis is initiated.) 

2. Analyze each cylinder gas directly against the nearest 

SRH (or Gl-rPS) by alternate analyses of the SRJ'l and cylinder gas 

in triplicate (three pairs). Adjust the instrument span if 

necessary prior to the analysis but do not adjust the'instrument 

during the triplicate analyses. The response to zero gas shall 

be obtained with sufficient frequency that the change in succes- >-

sive zero, responses does not exceed 1% of full scale. 

^ 

file:///./ith
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3. For each of ths six analyses, d'eterxiin;; th:* apparent 

concentration of the SPJ-I (or GMPS) or cylinder gas .from the 

calibration -curve. 

4. For each p:-,ir of cis-.alyses, one EPJ-: (or GMi'S) and one 

cylinder, gas, calculate the true ccncc-ntratio.n of the cylinder 

gas by: 

True Cone- of Cyl. Gas = Apparent Cone, of Cyl. Gas 

. ^ True Cone, of S?J>! for Gi'::PS) 
Apparent Cone, of SRZ-I (or G:-i?S) 

5- Determine tj-.e m.e3n of ths thr=:ri: values for tru.i concen

tration of thc! cvlindsr gas-

6- If any one of the three values differs from the r.'..un of 

the three values by greater than 1.5%, discard tha data, reset 

tlie instrum.ent span if necessary, and repeat steps 1-4. 

4.1.3 Use of Manufacturer's Prim.arv Standnrds - Gas manufac

turer's prim.ary standards (GMPS) are gas mixtures prepared in 

pressurized containers and analyzed against SiU-I cylinder gases. 

Their purpose is to conserve SRI-I where large quantities of gas 

cylinders are analyzed. GMPS may be substituted for SRM for 

instrument span checJc in 4.1.1.2 and 4.1-3-3, and for cylinder 

gas analysis in 4.1.2 if ths follov7in-g conditions are met. In no 

case r,ay G:-:?S be substituted for SRT'I for the required instrument 

multipoint calibrations in 4.1.1.1. 

1. GMPS must have been analyzed against SRM cylinder gases 

as described in 4.1.1 and 4.1.2 within 30 days of their use for 

cylinder gas analysis. It is preferred that GMPS be analysed on 

the days that instrument multipoint calibrations are performed. 

2. GMPS must not have changed in concentration by more 

than 1% per month (average) fbr the 3-month period prior to their 

use for cylinder gas analysis. 
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4-1.4 Verification of Cylinder Gas Stability - The stability of 

reactiv-i; gases (including cylinder gas of sulfur dioxide, nitric 

oxidi, and nitrc72n c.io:i±dz) must bs verified before use. Tha 

stcibility of each cylinder gas is verified by performing a second 

Eft of triplicate analyses (using procedure in 4.1.2) a miniLV-UA 

•of 7 days after the first set of triplicate analyses. The mean 

<of the second triplicate analys-as must not differ from the mean 

of tlie first triplicate analysis by more than 1.5%. 

4.1.5 Reanalysis of Cvljr.der Gases - Reanalysis of reactive 

gasos by the gas manufacturer or uc-sr must be performed svei"/ 6 

Konths from the laŝ t analysis date by the procedure in 4.1.2. 

Cylinder gases used for audits may need to ce analyzed more 

frequently than every £ riohths. Reanalysis of dilxient gases (O, 

and COj) by the gas manufacturer or user must be performed ev^ry 

12 montiis from the last analysis cats cy tl:e procedure in 4.1.2. 

4.1.6 Minimu-n Cylinder Pressure - ITo cylinder gas should be used 

belov7-a cylinder pressure cf 200 psi as shovn by ths cylindar gas 

regulator. 

4.1.7 Cylinder Label and Analyris Reoort - Each gas cylinder 

shipped by a gas manufacturer to a user must contain the follov?-

ing miinim.um traceability information on a gurr-med lah-l affixed to 

the cylinder wall and/or a tag attached to the cy:inder valve: 

1 . Cylinder nuirber 
2. Mean concentration of cylinder gas, ppm or mol% (on 

last analysis date) 

3. Balance cas used • -

4. Last analysis date 

5. Expiration date (six months after ths last analysis 

date for reactive gases and 12 months for diluent gases). 

In addition, a written analysis report should be prepared 

which certifies that the cylinder gas has been analyzed according 

to this protocol. The analysis report should contain the follow

ing information: 

1. Cylinder number ' r 
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2. I!2an cdncentration of cylinder gas, ppm o.r mol% (or: 

last analysis date) 

3. Replicate analysis data 

4. Palancc gas used 

5. 13S,S?J-: x:umbsrs used as primary standards 

6. Analytical principle used 

7. Last analysis date. 

The user should maintain a file of all analysis reports for 

three years. 

4.2 Perfcrr.;.ncs .'ludit ?rocr?m 

Vith. *^e initiation and use of this traceability p.votocol, 

the U-S- Environmental Protection Agency vill initiate a national 

performcjice audit program of cylinder gas preparc-d hy this proto

col. Cylinder gas prepared fcllcvring ths prctccoi vill be cl;-

tained directly cr ir.directlj- by J:ho U.S. Environ-..-.Ci:v::ril Frotcc-

tion .'igency and analysed in its laboratory' for accuracy ccmpar-2d 

vith the gas manufacturer's reported concentration. 

4.3 References 

1. Requirements for Submittal of Imple.msntation Plans and 
Standards for New Stationary Sources - Em.issicn Moni
toring. Federal Reqister 40, Number 194, October 6, 
1975, pages 46240-46270. 

2. Part 60 - Standards of Perform.ance for New Stationary 
Sourcss - Emission Monitoring Recriiirements and Revi
sions to Perform.ance Testing I'jethods, Federal Register 
40, 2Jurber 246, December 22, 1975, paces 5920'4 and 
59205. ' . 

3. Part 60 - Standard?; of Performance for N-sv; Stationary 
Sources - Primiary Copper, Zinc and Lead Smelters, 
Federal Register 40, Number 10, January 15, 1976, pages 
2332-2341. 
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" 6.3.2 rrtpn"';" Ttp-.f Tr-! rni-r.-'.-r^ c.*.!c;:l3!c'!«': npan. co:;f:L'c-.ce iriltr/.il. 
At n riiiiiiiMKV.. r.n n .••.•«̂ ;;.-..i:-e l:r.'.c lest and ZL-.t) .-..'id caliLraiion t';!?:.*" (2-l:o;i.-) 
Kii:i!! pri;vi;;i; n c'u-ck oT li'.f cr.ti.'c 'jsir.s Ej-uotfans 2-1. 2-2. R.ni! 2-3. In 
f .-imiilp Ij.mspnrl line (if .i;:r!c;!l>lc). .Mty F'^uat'or. 2-0. use she rpci v;:ii!-j f-..>r R.V. 
SjiDjiIc r.i;niiilii)ninn iijuipn.or.J |if S.3.3J> Tvvcn*y-Fo:ir Iloiir I'Jii.'i. In 
epj>>ir.:b!i:l. ihc pc!li;'>u!il .Tr.sjy/cr. and addiUon to ir.c P-lssur drift t;-?:"!, pfrfomi 
the o.-it.i n-f.nrdcr. Ko.' i.n-.̂ iiu vy<:rms. u series of ;<•..-•...•» 2-i-hoar c'.-::'l IL-S!S r.s 
pfTfi>r:!i llic rrspo!-..';'! Ii::.i: o.'.-.-cl; by fo.'-ov.-s: At i!:j>!r?ir:r.:r.3 o: fiu'.h 2-;-
i':!rticli;cir.s '.nc cahbii:::-.);) r--?es sl li'.s ho'jr pcrlc'l. calibrate She n.^.-i'sr, iitinj 
sa.MpIc i.-.!crfHce {:f cpp!ir.Hl,!ci. c- ';y r'id-I-rvei v;J;;2. Th-ir. :r.'.-o;-jr.!.' i;..̂  
ifilrou'uci."!: the c:;il:':::;:."-n s;.s cells t r h:rh-!cvel ci;::--Tirior. j;c: jo.- ,r.-s ccii or 
Mii.'i:. M ^n 8pprc-pri:.!c ior.T..r-n in ir.c fiitcr) to O'I-S;T. L;C irutia! :::;'c:cr,cc 
poII.j!jnt oniiyzcr. !Vr f 'rrrUvt va'os. AJ I.-.-? e.-:d cf the S^-hour p jr:cri. 
JESni^iTS*i.".t:cduce i.".r L*.:•.;•.:<:-.i-nfas inirodace co.i.-tfvcivcly rs.-o i"'.;£ [or .:;3S 
at the <;.Hr.p;c prcbc :.-.!c-: irj Iho £t£ck cr ceH or fiUcrJ e-d hish-levi.-! c-.iibration 
et iJ-.c pnir! of co.'^ncc'ior. b-itv.-ecn the gut {or gas cc-:l o: wJ:cr): do r.ct make 
rigid 5£i.T,pir probe en.-i the sa—.p'.e sny ^cius!.^lc.^'.s zi Jhis tirr.c. Determine 
Iranspcrt line. If er. extractive snaiyzcr end record ine arioiir.! of drift from ihc 
is used to r.cr.itor the rf.l-ccnt from .-ore recorder rcro zv.d .hi?.4-'evi?l vciu: on a 
than one source, pcrfo."! ihs rospcnsj data s'r-cc; fcxcr-.pie is JP.CV.T. in I'ic-.-rc 
lime test for ecch s2rr.p!o in-.cri'ace. 2-7). Cs!c-ji.-.te ihe rero end r2i:'.'ra!:cn 

To brr.ii the respor.se tin-.c test. drifls for p.-:ch eel. Then CE'c-i.^is the 
in'rcid'ji;c rero gas for zero ccji or iliiert r^esn, cor.::dc:;cc intervs!. and zu."o end 
into t!.e conti.-.-jous rr.or.i:o.-';̂ '.Vhen the na'.ibraticn drifts (2-;-'ncur] usir.g 
system output f.as slcLril.zro, sv.ilch to riquotio.ns 2-!. 2-2. and 2-3. L'l .^.quation 
mo.nitor the stacV; uffj-jcnt ar.d wait until 2-3. use the £.pan value for R.V. 
e "sl.nhle vr-l-jc" has brcn reached. E-LUHG COOJ <K:P.SI-M 
Record the upscale rcspon.ec ti.T.e. Thi'.n, 
intrcdarc ih: hir.h-lcve! cjl:braticn c.=»s 
(or.f,as v:l'. or f;;'.cr;. Crrc t.̂ -; lystcm 
has stab;;!: ed at ihe hiq!i-!=ve! 
conct-r.trr.:.or., swilc:: !o i;-,r),-.::or the -̂  
stack c.'fl-crt end w?ii i::)>=i - 'stable 
vjluc" is rc;;ched. J'.eccrd the dcwnscals 
response lime. A "stab!..' vsJuc" is 
cquivalc.".'. to a cha:.v-r cf it-ss than 1 
percent cf ^ptr. value for 50 seconds or 5 
percent of measured aversjis 
concentr.-'.ticn for 2 minutes. Repeat the 
entire procedure three tines. Record the , 
results of each test or. a data sheet 
(example is shov.n in Jiciirc 2-5). 
Determine llie means of the upscale and 
dov.'nsctile rcf pons'e times using 
Equation 2-1. F.eporl the slower time ss 
tlic syblem response li.me. 

C.3.3 Field Test for Zr.-o Drift and 
Calibration Dr;[t. rcri''crp.j thp zero and 
caIibr«tio.n drift test."; for c-:!'jh pcliutJiit 
analyzer a.-.d data recorder in i.-je 
cor.iinuc'-js .-'.onitcri-..^ syslcn. 

C.CO.l Tv.-o-hourlJ.if:. In'roduce "̂  . 
consc:.u'.l\-;!\ zero ^.i:, ;or zero ceil or 
filter) jind !.!.;;i-level Culibration gas (or 
gas cell or filler) at 2-hour ir.ler\'ais unlil 
15 sets (befo.-e and after) of data are 
obtained. Do not make any zero or 
calibration adjustments dun:;,? this time 
unless cthtrwisc prescribed by the 
maniifacturer. Delernrinu and record the r 
amount that the output h.nd drifted from 
the recorder zero and hi,-;h-level value 
cn a d.Tlu sheet (example is shown in - • ' 
Figure 2-C). The 2-hour periods over 
which llic nie.-isurcmcnts jirc conducted 
need not Le consecutive, but must nol 
ovcrhip. C.ilculatc the zero und 
calibidlion drifts for each set. Then 




